Objective-Primary brain tumours may be associated with coagulation disorders which can pose intraoperative and postoperative management diYculties. The aim was to evaluate the coagulation profile of patients with brain tumours undergoing surgery using thromboelastography (TEG) in combination with simple laboratory tests. 
In neurosurgery, haemorrhagic abnormalities and postoperative haematomas uniformly result in poor outcome, with one recent series reporting 55% severe disability or mortality at six months, and only 13% with good outome. 1 In the 1960s, Morozov first reported the possibility that brain tumour factors were responsible. 2 Most investigators currently think that hyperfibrinolysis, either primary or secondary to a disseminated intravscular coagulation type condition, is the mechanism responsible for these haemostatic abnormalities. 1 3 The pathophysiology is thought to involve release of plasminogen activator factors from tumour cells, or tissue factors from injured brain parenchyma during surgery. 4 5 The aim of this study was to investigate the changes in haemostatic profile occurring during surgery for large primary brain tumours, using a combination of physical and laboratory methods to assess coagulation characteristics. By early intraoperative detection and identification of the haemostatic abnormality, appropriate measures might be initiated to prevent postoperative complications.
Patients and methods
Over a one year period, all newly diagnosed patients with primary brain tumours larger than 4 cm in maximum diameter on CT were entered into the study. Excluded were those with a history of haematological or coagulation disorders, those taking anticoagulant therapy, and those with chronic disease-for example, liver cirrhosis or renal failure.
The standard haemostatic profile was determined preoperatively by measurement of the following laboratory tests of coagulation : haemoglobin, platelet count, prothrombin (PT) and partial thromboplastin times (PTT), fibrin(ogen) degradation products (FDP), and D dimers. The physical characteristics of clot formation for each patient were measured at the same time by thromboelastography (TEG) using the Thromboelastograph coagulation analyser (Hellige, GMBH 1990, West Germany). Four main indices of clot formation were measured on the TEG : (1) R time (reaction time to clot formation; normal 11.8 (2.4) min); (2) K time (time to achieve clot strength of 20 mm amplitude; normal : 5.3(1.4) min); (3) MA (maximum amplitude; normal : 54 (5.6) mm), and (4) angle å (rate of clot growth) (normal : 36 (7.4)° (fig 1) . With this combination of laboratory results and TEG, the haemostatic characteristics of the clot could be analysed and any deficiencies-for example, platelet dysfunction, clotting factor deficiency, or hyperfibrinolysis (fig 2) , identified. (Figure 3 shows a normal TEG appearance.) More complex tests of platelet function, clotting factor concentrations, and plasminogen activator assays were considered but not performed because it was our intention to correlate commonly used and easily available laboratory tests with the TEG and clinical features.
Tests were performed preoperatively on the day of surgery, intraoperatively (two hours into surgery), and postoperatively the day after surgery. Routine blood sampling was from the central venous pressure (internal jugular) line. All patients had intracranial pressure monitoring in the intensive care unit postoperatively by an intraventricular catheter. Brain CT was performed if the intracranial pressure was raised above 30 mm Hg. A haematoma was considered significant if the volume was more than 30 ml or the intracranial pressure was not controllable by osmotherapy, ventilation, or CSF drainage. In such cases, reoperation was necessary to evacuate the haematoma. Clinical follow up at three, six, and 12 months was obtained.
STATISTICAL METHODS
All laboratory results and TEG indices were recorded and analysed using Statview 4.2 for Macintosh. The values were expressed as mean (SD) and comparisons made using a paired t test within groups and unpaired t test between groups. Results were considered significant at P<0.05.
Results
Over a 13 month period from November 1993 to December 1994, 50 patients were studied.The age range was from 15 to 69 (mean 42) years.Twenty one patients were male and 29 were female.There were 31 meningiomas, seven acoustic neuromas, five gliomas, two haemangioblastomas, two pineal gland tumours, one pituitary tumour, one craniopharyngioma, and one intraventricular neurocytoma (table 1). All patients underwent total or near total (>90%) tumour resection.
Nine patients (18%) developed postoperative haematomas, of which three were extradural haematomas, four were tumour bed haematomas, and two were intracerebral haematomas unrelated to tumour site. Six patients (12%) required reoperation, comprising two with extradural haematoma, two with tumour bed haematoma, and two with intracerebral haematoma. In the remaining three cases, the intracranial pressure was closely monitored and the haematoma size followed up until resolution without requiring surgery.
The non-haematoma group (group NH) was compared with the haematoma group (group H) in terms of platelet count, PT, PTT, TEG indices, and FDP and D dimer concentrations.
PREOPERATIVE COMPARISONS
All 50 patients were found to have preoperative platelet counts, PT, and PTT within normal values and there were no diVerences between groups NH and H for platelet count, PT, FDP, and D dimer concentrations ( 
INTRAOPERATIVE COMPARISONS
Intraoperative hypocoagulability in group H was evidenced by a significant fall in platelet count, no shortening of PTT, no reduction in R time, and a highly significant reduction in MA (tables 2 and 3). By contrast, group NH showed some hypercoagulability in that there was a significant shortening of PT and PTT, and a highly significant reduction in R time (table 3 ).
POSTOPERATIVE COMPARISONS
In group H, there was a return to a mild hypercoagulable state, with a significant rise in platelet count, reduction in R time, and increase in MA (tables 2 and 3). PT and PTT were also shortened, but this did not reach significance (P=0.45 and 0.29 respectively). In group NH, the hypercoagulable state remained unchanged, with maintenance of platelet count, PT, PTT, R time, K time, å, and MA (tables 2 and 3). FDP and D dimer concentrations were, however, significantly higher in the postoperative period in group H (table 2) . Figure 4 shows the trends in TEG indices of both groups during the perioperative period. Decreasing R and K times with increased å and MA values in group NH indicate a somewhat hypercoagulable state compared with group H.
HAEMOSTATIC ABNORMALITIES IN GROUP H
In the nine patients who developed postoperative haematomas, the abnormalities found intraoperatively were a significant reduction in MA (mean 40.33 v 31.00 mm, P=0.009), a highly significant fall in platelet count (mean 161.6 v 98 × 10 9 /l, P<0.0001), and a significant increase in D dimer concentrations (mean<1 v >8 µg/ml, P=0.007). These results suggested the possibility of a disseminated intravascular coagulation type mechanism, which might have predisposed this group of patients to haematomas.
In two of these nine cases, a hyperfibrinolytic profile appeared intraoperatively on TEG, with a reduction of MA from 35 to 25 mm within 60 minutes in one case and from 55 to 27 mm in the other (fig 5) . This suggested that the primary clot was formed to a certain MA, but underwent clot lysis to a much smaller MA within 60 minutes. In both these cases, D dimer and FDP concentrations were considerably raised (>8 µg/ml and 40-200 µg/ml respectively). Tranexamic acid, an antifibrinolytic agent, was given in both cases with improvement clinically and on TEG.
By contrast, the other seven cases showed a prolonged small MA intraoperatively (mean 31.00 mm) even after 60 minutes, indicating that there was poor clot strength, either from platelet or clotting factor deficiency, without abnormal lysis. These appearances were consistent with disseminated intravascular coagulation and responded to platelet and fresh frozen plasma replacement. 
OUTCOME
Of the six patients in whom repeat surgery for haematoma evacuation was required, the mortality rate was 16.7% (1/6). Two patients were severely disabled at six months, whereas three had mild disability according to the Glasgow outcome scale. The remaining three cases with non-evacuated haematomas were discharged home within one month of surgery when repeat imaging showed resolution of the haematoma and outcome was considered good.
Discussion
The occurrence of haemostatic abnormalities in surgery has been described since the 1930s. 6 Trauma, malignancy, sepsis, even anxiety have all been cited as possible causes of coagulopathy. 7 8 Intracranial surgery in particular, whether for trauma, 9 vascular pathology, 10 or malignancy, 11 12 has been shown to be associated with a higher incidence of coagulation disorders compared with general surgical procedures. 13 The mechanism is thought to be due to the release into the circulation of thromboplastic substances from injured brain, which is the richest source of thromboplastins in the body, and that the incidence of these coagulopathies is related to the severity or extent of brain tissue injury, sometimes as a consequence of surgery. 3 14 In cancer patients, haemostatic abnormalities have been described before any surgical procedure and include both hypercoagulable as well as hypocoagulable states. Patients with brain tumours are no diVerent, and thromboembolic complications may occur 15 as may disseminated intravascular coagulation, hyperfibrinolysis, and haemorrhage. 16 17 The role of intrinsic tumour factors, mainly plasminogen activators, has been implicated and investigated. 17 19 Unlike other types of surgery, neurosurgery requires haemostasis to be achieved without ligature. Impaired haemostasis predisposes the patient to postoperative haematomas, which can have devastating eVects in terms of morbidity and mortality. One series has reported an overall mortality of 32%, with 55% of those with postoperative haematoma being dead or severely disabled at six months. 1 In this series of patients in whom the coagulation profile has been studied during the perioperative period by simple laboratory tests and physical tests of clot function, several points of interest have emerged. Whereas the TEG is well established in extracranial surgery such as liver transplantation 20 and cardiac surgery, 21 its use in major neurosurgical procedures has not been previously described. The principle of operation of the TEG is that it provides a visual representation of the viscoelastic changes occurring in a coagulating sample of blood and is sensitive to all the interacting cellular and plasma components in blood that may aVect the rate, structure, and breakdown of the clot. 22 23 The TEG analyser is a machine in which a piston is suspended in a rotating cuvette containing a small volume (35 ml) of whole blood to be analysed. As coagulation proceeds, fibrin strands attach to the piston, allowing shear elasticity of the forming clot to be measured as the fibrin transfers rotating motion from the piston to a paper tracing. This physical method follows clot formation through fibrin cross linking to retraction and lysis in one sample of blood. We have found that it provides valuable insight, when combined with standard laboratory tests, into the understanding of the haemostatic changes occurring during surgery. In assessing platelet function for example, it may show poor platelet aggregation and function despite seemingly normal platelet counts. Similarly, coagulation factor deficiencies which may not be evident in terms of abnormal PT and APTT values until they are more than 50% reduced, may be reflected by abnormal TEG indices. The test is simple to perform and has the advantage of providing immediate information to the operating team because the machine can be located in the operating theatre.
Secondly, as previous investigators have found, brain tumour surgery may result in a hypercoagulable state. 15 Iberti et al showed a significant reduction in PTT and bleeding times, which was suggested to be a consequence of perioperative dehydration and hyperosmolality. 11 Our data were consistent with these findings in that there was generally a significant reduction in PT, PTT, and R time intraoperatively, which was maintained in the first 24 hours after surgery and did not return to preoperative values. We suggest that this faster clot formation may be a normal physiological and haemostatic response to surgical trauma.
Thirdly, however, when the group of patients who developed haematomas (group H) was compared with the group that did not (group NH), significant diVerences were detected preoperatively, intraoperatively, and postoperatively. There was no significant reduction in R time between the preoperative and intraoperative stages in group H patients, unlike group NH in which R times were shorter (fig 4) . Furthermore, in group H, preoperative K time, å, and MA showed significant hypocoagulability compared with group NH (fig 4) . Postoperatively, FDP and D dimer concentrations were also significantly higher in group H compared with group NH, implying increased disseminated intravascular coagulation type mechanisms or fibrinolysis. As tumour site, size, and surgical accessibility in groups H and NH were considered comparable, these diVerences suggested a predisposition towards hypocoagulability and an increased likelihood of postoperative haematomas, which might not be solely related to surgical or technical factors.
What are possible risk factors? Although our results do not cast light on a possible hypothesis, we suggest that large tumours, tumour type, tumour factors, residual tumour size, brain thromboplastins, and ethnic characteristics may be contributary. Mattock and Crockard, for example, have described a disseminated intravascular coagulation type coagulopathy in three patients with large acoustic neuromas. 24 Meningiomas have also been associated with haemorrhagic diathesis and raised concentrations of tissue plasminogen activator. 17 18 Furthermore, ethnic Chinese seem predisposed to haemorrhagic complications as evidenced by the higher incidence of haemorrhagic cerebrovascular accidents in Hong Kong and the People's Republic of China compared with the West. 25 
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Conclusion
We suggest, therefore, that TEG is useful both in the preoperative assessment of patients with large brain tumours and in the intraoperative stage for monitoring of the haemostatic profile. In the event of coagulopathies encountered intraoperatively, early replacement of clotting factors and platelets should be started even before laboratory test results are known. However, to explain and understand why coagulopathies occur in certain cases and not others, basic cellular mechanisms of tumours and the eVects of tumorous factors may have to be investigated on a molecular level and on a wider scale.
